Approved For Rel<^^2001/03/22 : CIA-RDP67B0 




fflttKk 


July 20, 1959 


. -I- — 


Dear Does 

After our several recent discussions on oitticsl systems* I feel that I might 
perform a service for you by putting togHhor a JLrHUo on this subject. 

I hope this material will be something you can hand to Mr. B and Gene for their 
information as well. 

Image- forming optical systems of the photographic type divide themselves rather 
neatly into three kinds. Of these, li^aefracting system is by far the most common. 
This system employs only lenses for tMt-^ Mltp ation of the image. For systems of 
short focal length and reasonable speed, refracting systems ere much the simplest 
of the three both in their computation and in their construction. 

When refracting systems are used under conditions of temperature and pressure, 
varying significantly from tha conditions under which they are manufactured, the 
problem of maintaining focue becomes serious Temperature variations affect the 
index refraction of the gla«s as wall aa tha physical dimensions of both the glees 
and the mechanical mounting. The index of refraction of the air is a function of 
both temperature and pressure end, since the lens is immersed in the elr, the 
air's index is an important quantity. In many refracting systems the length of 
the lens barrel or the distance from the front of the front element to the beck 
of tha back element may approach the focal length of the system. This has a direct 
disadvantage in that the overall length of the system, unless it is made telephoto, 
from focal plane to front surface, may be considerably more than the focal length. 

A secondary disadvantage arises because tha long barrel lengths require very large 
first end lest elements if e significant field is to be covered. 

The second type of Image- forming system is one made completely with mirrors. This 
is called e reflecting system end is typified by large telescopes. These systems, 
because of the lack of flexibility in the design of reflecting surfaces, cannot 
be made to cover very large fields without extreme complication. As the speed of 
the system increases this difficulty becomes rapidly even more complex. A few 
multiple surface reflecting system* ere known which do cover good fields with 
relatively fast speeds, hut all such systems known to us have the characteristic 
in common that their phyaicel dimensions are very greet compared to their effective 
focal lengths . Otoe such system is contained in e volume approximately cub in 
shape, each edge of which la about two focal Isngths . 

The third type of optical system la called catadioptric. This word means simply, 
'the combination of lenses end reflecting surfaces for the formation of images'. 

It ienot to be confused with systems which contain folding mirrors whose sole 
purpose is to change the direction of the light path and do not contribute to 
the formation of the image except in a derogatory fashion. The "A" cameras 
were all atraight refracting systems, the "B" camera is a simple refracting 
system with a tingle folding mirror, while the "C" system was d direct cata- 
dioptric system complicated additionally by many folding mirrors. 
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The vary great advantage of catadioptr**. »y« terns is that the pri mary tfm? er- 

i# obtained by mirrors which are free of color error#, are very «p without gr ea t 
a tore dependent than lenses and can be made with great optical P#** .. atw i BO 

weight. The material for the mirror* need net be of high * ^efficient 

can be chosen for other desirable characterise* such as low **“****__< systens 
of expansion, low density or ease of nannfactu^ Nearly all \Zt 

have developed from the initial proposal of Schmidt in w hich he sugg refracting 

tha great simplicity of a spherical mirror, when combined with a vary 
correcting plate, could be made to produce excellent images over a *4 
at a faat f number . 

Much nor# sophisticated catadioptric system* developed from the^e 

however, end having many of tha same advantages, have been evolved since the 

of Schmidt. A family of systems having the primary image J®*® 8 ^ 1 ? t ees 9a m 

by mirrors and tha image correction for high acuity accomplished by 

large and in the entrance pupil and tome small near tha focal P l8 f®' 

developed in recant years. The Flugge system, which we chose mirrors 

likely P candid ate for our problem, is a catadioptric system without foldingmirr ore 

It has tha advantage of very short barrel length, good cont rol o^ ,^ {aowJt gince 

most of the power reiidee 1 n the nirrore, end an Attractive . 

the el.tt.nt. era aaparatad ovar a naxiaua distance of ao— thing 

focal laogth. Tea Mb. aaad b. -da ool, a. long aa Ita dla«tat and. thua, 1. 

quite stiff. 

One of the principal disadvantage, of « normal Schmidt and the Beuwe« »®d^^ation, 

which is typical of tha catadioptric systems recently tasted by tb * N *^» JJJJ 

the heavy waighta, tha primary mirror and tha correcting J® n8 ****** avewws 

ends of a tube whose length is neatly equal to the focal le ^ *^ y ^“ 

but whose diameter is quite small compared to its len ^ b * 7!??®* y , 

baao made In vary long focal fcogthi. and. thna, ere - ttajon g.^^ 

them sensitive to internal structural vibrations. I think our experience 

"C" camera hae indicated to us tha extreme difficulty of precision, 

spread nut over long mechanical distances. This camera was also P^®su* 

of tha most serious objections to the straight refracting system ®*®*® * b ® th 

transfer lens was extremely temperature sensitive with regard to 

in our approech to tha currant problem, we have tried to find *“ d *^*“® eg 

in which the position of the focus wee principally controlled by ^ ’ 

the mechanical structure was abort and rigid coraparedtothefocallength^ and^ 
which refracting optical components provide enough f l ®** b ^** J® ^Lea oftS 
permit the highest quality of Imagery. I do not believe that the i g 
Flugge system, as manufactured, will be as close to their theoretically predict d 
quality aa might ba tha case of a Schmidt or a true refracting system, _ 

operating conditions the Flugge is less subject to vibration and variations o 
temperature and pressure, and thus verietions of focus; consequently, 1 
**** eueh a svstera will perform better then some of the others we have considered. 
This feeling is particularly strong with respect to long focal length systems whic 
must be folded by flat mirror# in order to be contained in the space envelope 
with which we must deal, lm , n M 

(i ' r l j Ui 

I hope that this discussion will make some of these considerations clearer to you. 

Sincerely, 
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